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Therollingeffactiveness

H.KurtStrass

SUMMARY

OFSPANWISE

WINGS

ofO.2-chord,trailing-edge
high-aspect-ratiosweptbackwingsovera Machxmnberrange

aileronson
of 0.6 to 1.6

hasbeeninvestigatedby theLangleyPilotlessAircraftResearchDitision
u by utilizingrocket-propelledtestvehiclesinfreeflight.Scmeeffects

of spanwiseaileronlocationon rollingeffectivenessweremeasuredby
testingaileronsontheinboardhalf,theoutboardhalf,andtheW
lengthoftheexposedwings.ThetestwingshadNACA651AOU2airfoil
sections,an aspectratioof8.o,45°sweepbackofthemidchordline,
andtaperratiosof0.5and1.0. In addition,thesedataarecorrelated
withtheresultsofpreviousinvestigationsofvariousplanformsto show
someeffectsofwingaspectratioandairfoilsectionthicknessratio.

Theresultsshowthatalloftheaileronconfigurationswhenusedon
12-percent-thickwingswithan aspectratioof8.oweresubjectto severe
lossesinrollingeffectivenesssmdaerodynamicreversalatMachnumbers
betweenapproximately1.0and1.4. Thecorrelationwithpreviousdata
indicatesthat,ingeneral.,increasingtheaspectratioandtheairfoil
tblckne~sresultedin decreasedaileronroll.ingeffectivenessthroughout
thespeedrangetested.

# A general.
configurations

*

INTRODUCTION

investigationoftherollingeffectivenessofwing-aileron ,
isbeingconductedby theLangleyPilotlessA3rcraft

c~
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ResearchDivisionby utilizingrocket-popelledtestye.btclesinfree ......“.-;
flightat transonicsndsupersonicspee@. In continuanceofthis.pro-
grsm,a limitedinvestigationof.therollingeffectivenessof0.2-chord,

.=

trailing-edgeaileronson sweptbackwingsofhighaspe~ctratiohasbe=
8_

completed.Thesedataarecorrelatedwiththeresultsof-previousinves-
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tigationsto showsomeeffectsof aspectratioandairfoilthickness
ratioonrollingeffectiveness.Inaddition,saneeffectsof sps.uwise-
aileronlocationon thehigh-aspect-ratiowingsweremeasuredbytesti~
aileronson theinboardhalf,theoutboardhalf,“sndt%efulllengthof.
theexposedwings. .

—

SYMBOLS

-.
aspectratio,b2/S ..-.

diameterof circlesweptby wingtips,ft

wingchordmeasuredparalleltouodelcenterline,ft

aileronchord,ft =. —

Young’smodulusofelasticity,lb/sqin. _

shearrnodulusofelasticity;lb/sqin.

averagewingincidenceforthreewings,me%n.uredina
planeparalleltomodelcentei..line,deg-

localmomentofinertiaofairfoilcrosssection
paralleltomodelcenterlineaboutchor~plane,in.4

localtorsional-stiffnessconstantof airfoilcrosssection
ina planeparalleltomodelcenterline;in.4

flexural.-stiffnessparameterof stresmwise’pairfoilcros”s

GJ

M

section,lb-in.2-

torsional-stiffnessparameter
section,lb-in.2

nonscalartorsional-stiffness

free-stresmMachnumber

.-
Orstresmwis~airfoilcross

—

constant,sqin./lb
—

●
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pb/2V

v

aa

“

CLU

test-vehicle rolJingvelocity,radians/see

-C pressure,lb/sqft

Reynoldsnuder basedonaveragewingchord

areaoftwowingstakento fuselagecenterline,sqft

maximumlocal.wingthickness,ft

wing-tiphelixangle,radians

flight-pathvelocity,ft/sec

averageailerondeflectionforthreewings,measuredin
a planeperpendicularto chordplaneandparallelto
modelcenterline,deg

ratiooftipchordto extendedchordatmodelcenterline

angleof sweepmeasuredat c/2,deg

control-effectivenessparsmeter,effectivechangeinwing
angleofattackcausedby unitchangein aileron.
deflection

winglift-curveslope

rolling-momentcoefficient,positiveclockwisewhenviewed

from rear, Rollingmoment
(@b

MODELSANDTECHNIQUE .

. Photographsoftypicaltestvehiclesarepresentedinfigure1,the
generalarrsmgementof thetestvehiclesispresentedinfigure2, and
thegeometryanddimensionsof.thetestwingsaregivenin figure3. The

.-

.
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structuralandgeometrical
wings,whichwerebuiltup
“composite”construction.
ispresentedinfimre 4.

NACARML53Lll

Parameters arepresentedintableI. Thetest ““”“--
ofwoodsndmetal,arereferredto asbeingof

.-

A typicalexsmpleofthis.typeofconstruction ~--
Wingsof compositeconstructionaresomewhat—

stifferinbendingthansolidmetalwingsofequaltorsionalstiffnessso
thatthistypeof constructionisparticularlyadvantageousforusewith
sweptwings,wherewingbendingisthepredominantcatieofaeroelastic

.—

effects,as opposedtounsweptwings,wherewingtwistingi theprimary
cause ofaeroelasticeffects. !Intable1,thevaluesof c /GJ denote
thetorsio@ stiffnesssnd GJ/EI theratioofthetorsional.stiffness
to thebendingstiffness.Bothvaluessreindependen~ofwingsizeor
scaleand,inthecaseoftaperedwings,

..=
representthestructuralchar-

acteristicsat themeanexposedchord.Itshouldbe notedthatthevalues
of EI and GJ werecomputedaccordingto themeth~–”usedinreference1.

Theflighttestsweremadeat.thePilotlessAircraftResearchSta-
tionatWallopsIsland;Va. Thetestvehicleswerepropelledto super-
sonic speedsby a two-stagerocket-propulsionsystem-Duringa 1.2-second
periodof coastingflightfollowingrocket.-motorburnout,thnehistories
oftherollingvelocitywereobtainedwithspecial.radioequipment(spin-
sonde)smdtheflight-pathvelocitywasobtainedby theuseofCWDoppler
radar.Thesedata,in conjunctionwithatmosphericdataobtainedwith
radiosondes~Petit t~ ev~~tion oftheaileronrollingeffectiveness

d
intermsoftheparsmeterpb/2V asa functionofMachnumber.

Figure5 presentstheaveragevariationofReynoldsnumberanddynsmic w
pressurewithMach

Fromprevious

.
numberforth;modelsdiscussedinthispaper.

ACCURACY

experienceandmathematicalanalysisit isestimated—
thattheexperimental.erroriswithinthefollowing-lfits:

Subsonic Supersonic

pb/2V,radis,ns.. . . . . . . . . . . , . . . . AoCoo4 *o.002
M . . . . . . . . . . . . . . . . . . . . . . . *().01 +0.(305

DATACORRECTIONSANDREDUCTION

Allof thedatahavebeencorrectedto-nominalvalues of iw= 0°
and 8a= 5.0°.Thecorrectionsinallcaseswererelativelysmalland
consistedofadjustingthedatafortheeffectsofnormalconstructional

*

w
.
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. tolerances.Incidenceerrorswerecorrectedby themethodofrefer-
ence2 andaileron-deflectionerrorswerecorrectedby reducingthedata

. to pb/2V
ba

andthenmultiplyingby thenominalL5avsllueof5.0°.

No attemptwasmadeto correctfortheeffectsoftest-vehicle
momentof ine~iaabouttheroXlaxisonthemeasuredvariationof pb/2V
withMachnumbersincepreviousexperiencehasdemonstratedthatthe
effectssrewithintheaccuracyofmeasurement.

Allofthedatahavebeencorrectedfortheeffectsofaeroelasticity
by themethodpresentedinreference1. Thedataarepresentedtwoways:

(1)Correctedto rigid-wingvalues

(2)Correctedto solid-aluminum-alloyvalues
.,,

Rigid-wiqgdataarepresentedinorderto showtheaerodynamic
behaviorfree‘$romtheeffectsof aeroelasticity.However,inmanyprac-
ticalcases,Aeroelasticeffectsarequitehportants.ndforthisreason
thedataarealsopresentedcorrectedto solid-altinum-alloyvalues

h whichmorenearlyapprox5ma.tetheconstructionofwingsplannedforuse
at supersonicspeeds.It shouldbe notedherethatapproximatelyone-
halfofthedatawereobtainedfrommodelswhichwereof compositecon-

. struction(seetableI). Themagnitudeoftheaeroelasticcorrection
involvedin convertingthedatafromthecompositeconstructionto the
solid-aluninum-alloycasewassmallinallinstances.

The&ta forconfiguration1 (seetable1)werefirstpublishedin
reference3 wherethemodelswerereferredto as 57(a)and57(b). These
modelswereindicatedashavingA = l.~ andNACA65-009airfoilsec-
tions;however,theapparentdiscrepancyinthemagnitudeof A (now
givenas A = 2.3) resultsfromdifferingdefinitionsof A. Inaddi-
tion,theairfoilsection,whilelabeledNACA65-009, actually,as it
waslaterdiscovered,closelyapproximatedtheNACA65AO09sectionbecause
of a relativelythicklayerofpaintwhichfilledinthecuspedtrailing-
edgeportionof theNACA65-009 section.Thedataforthebastardsection
werethencorrectedto theNACA65AO09sectionby useofreference4. only
a smallcorrectionin thetransonicregionwasnecesssrybecausethe
trailing-edgeangleofthebastardsectionwasveryclosetothatofthe
NACA65AO09section.

Thelackofaerodynamicdataapplicabletothe A = 8.o wingsabove
M -0.9 madeitnecessarytousecertainassumptionsregardingthewing
lift-c&veslope CL andthecontroleffectiv&ess

a
~- ino~der

correctthed&tafortheeffectsofwingflexibilityby themethod
reference1.

A

to –

of
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Fora rigidwing,

NACARM L53Lll

..

pb/2V Czg—= —--
ha %p

.—
—
.-

%J’%.f’d’ “-
‘1 “,.== —

g Jb/2 —
C2

~x2&
b. %?

where

x sp~wiselocation

xl spanwiselocation.of.inboardendof aileion

‘2 spmwise locatimof outboard@d ofaileron

C2 ?C2 sectionlift-curveslopes ----
al ~ ....

Butatanypointalongthespan,

c1 = c. —-
%q “%2

Then

Therefore,
by assuming

pb/2V=

a~ wasestimated
that,fora rigid

=

by

—
—

d’ 1

extrapolate-hgexist- wind-tugnel-”dat”a
WQ, a~ isproportionalto pb/2V.This

.. -
cumYEMfh..

—
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—

.

—
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—
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A
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assumption,whenappliedtoflexible-wingdata,requiredthat a~ be
obtainedby iteration.However,theinitialvaluesof a~ obtainedby
thismethodwerelowandtheabsolutemagnitudeofthechangein pb/2V
duetoaeroelasticityin thesupersonicregionwasso smallthatitwas
notnecessarytomakemorethantwoiteratingstepsinanycase.

Thelift-curveslope
Ck

wasobtainedby extrapolatingexisting

wind-tunneldatawiththeaidoflinearizedtheory(ref.5). Theaero-
elasticcorrectionsfortheconfigurationsofloweraspectratiowere
baseduponinterpolatedwind-tunneldata.

RESULTSANDDISCUSSION

Twoexamplesoftheeffectofwingflexibilityupontheaileron
rollingeffectivenessarepresentedinfigure6. Thesedata,exceptfor
configuration20,wereoriginallypublishedinreference1 andarepre-
sentedhereto illustratetheorderofmagnitudeoftheaeroelasticcor-
rections.It shouldbe notedthatcorrectionofthetitsto rigid-wing

. valuesdidnotmateriaUyalterthenatureofthevariationof pb/2V
with M inthesupersonicregion.Thefollowingdiscussionappliesto
therigid-wingvaluesunlessotherwisenoted.

.
Figures7 and8 presentsomeeffectsofaileronlocationuponthe

aileronrollingeffectivenessfortheU-percent-thickwingswith A = 8.o.
Theresultsfortheuntaperedandthetaperedwingsareessentiallythe
ssme. Inthesubsonicregiontheoutboardaileronswereslightlymore
effectivethantheinboardaileronsfortherigid-wingcaseandslightly
lesseffectiveorapproximatelyequalto theinboardaileronsforthe
solid-alminum-alloywings. Inthesupersonicregion,allofthesedata
werecharacterizedby anextremelylowlevelofrollingeffectiveness,
witheithera completelossor a reversalof rollingeffectivenessoccur-
ringnear M = 1.1. Above M==1.4,alloftheaileronsexhibitedvarying
degreesofeffectivenessrecovery.

Figures9 to 14presqntseveralcorrelationswhichshowsomeeffects
of aspectratiosndairfoilthiclmessuponthevariationof pb/2V with
Machnumberforunsweptand450sweptbackwingsemployingfull-span
ailerons.

Theeffectsofaspectratioarepresentedinfigures9, 10,and11.
Fortherigid-wingcasestheyareshilar,witha fewexceptions,for
boththeunsweptandsweptbackwings.Largedecreasesin pb/2V occur

. withincreasingaspectratiothroughoutmostof thesupersonicregion,
whereas,theeffectof aspectratioisnotaswelldefinedbelow M = 1.0.
Ingeneral,thedataforthe9-percent-thickunsweptwingspresentedin

4

.-

—.

.

:=:
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figure9(a)indicatethatthelargestdecreasesineffectivenesswith
*

increasingaspectratiooccuratlowaspectratiosforbothsubsonicaid ‘“” ..;
supersonicspeeds,whereas, forsweptbackti~s, the&ta pz%sentedti- “ ._

....-

figure10(a)indicatethatonlya generaldecreaseoccurswithincreasing
aspectratios.FigureU. showstheeffectof changingtheaspectratio
forthe12-percent-thicksweptbackwings.Inthiscaseno significant
effectisapparentinthesubsonicrsnge,butintheregionbetween”M = 1.O-
andM= 1.4,theeffectivenessdecreasedmarkedlywithincreasingspeed,
untilat M - 1.1 completereversalisexperiencedforthewiqgwith
A= 8.0. Above Ms 1.4,thehigh-aspect-ratiowinghasapparently

.

regainedrollingeffectivenessequaltothatofthewingwith A = 3.7.

Figure12 illustratestheeffectofairfoilthicknessratioupon
theaileronrollingeffectivenessfortheunsweptwingswith A = 3.7.

—. —

Increasingthethicknessratiohada verypronouncedeffectthroughout:
.

mostofthespeedrangeabove‘MR 0.80 inthatincreasedthickness
resultedindecreasedeffectiveness.Thiseffectwasgreatlyexagger-’-

.-

atednear M = 0.9 andresultedincompletecontrolreversalforthe
12-percent-thickwing. Reference4 indicatesthattheprimarycauseof
thedeteriorationinrollingeffectivenesswhichtakesplacewiththe
thickerairfoilsectionsistheincreasedtrailing-edgeang!l.eofthe
thickersections.The3-percent-thicksolid-sluminum-alloywingsexhib-
itedseverelossesofrollingeffectivenessthroughoutthespeedrange-

+.

asa resultofwingflexibilityandunderwent.reversaJ”ofrollingeffec-
—

tivenessat M = 1.27.
—. .

Figures13 and14 showtheeffectsofincreasingthethicknessratio
upontheaileronrollingeffectivenessfort%esweptba&wingstith
aspectratiosof 3.7ad 8.o. Thedatapresentedinfigure13 showthat
no appreciablechangeinrollingeffectivenesswascausedby increasi~
thethicknessratiofrom6 percentto 9 percentforthelow-aspect-ratiu

.-

wings;however,a furtherincreaseto 12percentresultedin a marked
lossofcontrolthroughouttheenttiespeedrange.Theeffectofchanging
thethicknessratiofrom9 to12percentforthewings.withA = 8.o is
remarkablysimilartotheeffectofaspectratioasgiveninfigure11.
Thissimilaritybetweentheeffectsof aspect-ratio& thicknessis

—

illustratedinfigure15,wheretherigidpb/2V valti=~fortheunswept
wingsat M = ()1.0 arepldttedagaind A: 1/3, oneoftheparameters
commonlyusedintheapplicationofthetransonicslmi.larityrules.The

correlationisgoodand,atvaluesof A(~)l/3= 1.6 andhigher,little
additionalchangein pb/2V isevident.Theabruptchsngewhichoccurs

intheslopeofthefairedcorrelationcurveat A$
()

1/3
= 1.6 isfairly

typicalof someotheraerodynamicparameterswhichhavebeencorrelated .’
inthismanner(seeref.6). Forcomparison,calculatedvaluesof pb/2V
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atthelimitingvaluesof A(~)l’3arepresented.Thevalueat

9

1/3
A(;) = O wascalculatedby usingvaluesof Czb and CZ presented

P
inreference7. The strip-theomvalueswerecalculatedby assuning
that Czb isproportionalto ca/c.

CONCLUDINGlWM#WG3

Thetestdatapresentedin thispaperdemonstratethatforthe
rigid-wingcasestheeffectsof aspectratioandthicknessratioupon
theaileronrollingeffectivenessaresimilsrinmanyrespects.For
example:thedatafortheunsweptwingsindicatethattherollingeffec-
tivenessdecreaseswithincreasingaspectratio,theeffectbeingsome-
whatlessat subsonicspeedsthanat supersonicspeeds.Thegreatest
effectof aspectratioapparentlyoccursat lowaspectratios.Shi-
larly,theeffectof airfoilthicknessratiois greatestat supersonic
speedsandnegligibleat speedsbelowa Machnumberof about0.8.

.
Thedataforthesweptwingsshowthattheeffectofaspectratio

isapparentlyonlya generaldecreaseofrollingeffectivenessWith
increasingaspectratio.Shilarly,thegreatesteffectof thickness
ratiooccurredat thehighestvaluesofthicknessratio,withthepro-
portionallylargestdecreaseoccurringat supersonicspeeds.

Obviously,thiscomparisonislimited,butit servesto illustrate
theextremelypoorrollingeffectivenesswhichwasexperiencedby the
variousconfigurationsthathad12-percent-thickwingswithan aspect
ratioof8.o. Intheseinstances,thedeleteriouseffectsofhighaspect
ratiosndhighairfoilthicknessratioaresuperposed.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Va.,November24,1953.

.-.
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Xmflguration

1
2

2
5
6
7
8
9
10
u.
E
13
h
15

16

17
/

18
19
20

21

22

A

—

2.3
2.3
2.9
2.9
3.7
3.7
3.7
3.7
3.7
3.7
3.7

2::
8.0
8.0

8.0

8.0

8.0
8.0
8.0

8.0

8.0

A,
(leg

4;

4;
o
0
0
G
45
45
45

4;
45
45

45

45

45
45
45

45

45

TABLE I.-GFWERW2 AND WmmoRALPARAmIm2

A

1.0
1,.o
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

1.0

1,0

.5

.5

.5

.5

.5

IWA
a.irfo-u
section

%5-(XI9
6w09
65Ao09
65Ao09
65Ao03
65Mx%
65Ao09
65#012
65ACC4
65Aw3
651A012

-9
.$lAOB
651AOL2

%UI.2

65-#OU

651AOB

65.#2
651AOU

651mu

@#012

%dne,.1(6eetext).

.-

C4C

0.2
.2
.2
.2
.2
.2
.2
.2

.2

.2

.2

.2

.2

.2

.2

.2

.2

.2

.2

,2

.2

.2

Ail.m’cm
locaticul

Full Epau
ml-lspau
Fullspan
FullSpan
FullBpem
FliLlElpau
Full@au
FullEpell

F’lmepm
Fullspan
FllKLapm

Fullspan
mm @au
I?liuapan

Fld16pan

Outboard
1/2 span

Ihboard
1/2 Epau

FUll spell
Fullspan
Fullspan
cutb~a
1/2 Spau
Iilboerd
1/2 span

Typeof
conatrwtion

CaupOSi*
Ccluposite
CmpCelte
cCmp3site

AlmmlmmLd.1.ny
cCmpQOite
cQlIp13ite
cCqOEllte
cmIpoBite
Clx!qosite
Cmposite

Aluln3numalloy
Alundmmlalloy
Ccmpmite

Alumimmlalloy

AlumiuumWoy

Alund.nmE3Jloy

Ccauposite
AluminuJnalloy

steel

Mumlnumalloy

Aluminum.9J.10y

&
&l’

).0063
.0%3
.0256
.(X56
.0556
.Oly
,0067
.oo2g
.0130
.0067
.-
.m23
.0023
.Oqm
.Oo1o

.Ci)lo

.0010

.Oojm

.0010

.Cm4

.0010

.0010

1.CXJ
1s00
1.03
1.03
1.45
1.14
1.04
.96

1.14
1.04
.96

1.45
1.45
.85

1.45

1.45

1.45

.85
1.45
1,43

1.45

1.45

Reference

unpubi?isked
Unpul)llshed
Unpublished

1
unpublished

1
Unpublished

Ubpubliahed

Unpub~Ehed

unpublished
Unpublished

1

1

Uklpublishwi

ullpublmhea

1

Unpublished

1

Unplibll.shed

UDpliblisbea
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&)A=4?5°;A=8.o .
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